Transfection of Buffalo rat liver cells with closed circular hepatitis B virus DNA resulted in the synthesis of both hepatitis B e and surface antigens. A 14000 tool. wt. peptide bearing hepatitis B e antigenic determinants was isolated from cell culture fluids. Native hepatitis B e antigen was present in multimeric forms in the cell culture fluids and was associated with protein phosphokinase activity. The multimeric forms of hepatitis B e antigen may serve both structural and enzymic functions for the hepatitis B virion with its small genome.
INTRODUCTION
The human hepatitis B virus (HBV) is a 42 nm particle consisting of an outer protein coat, the hepatitis B surface antigen (HBsAg), and a 27 nm nucleocapsid comprising the hepatitis B core antigen (HBcAg) . The viral core contains a 3200 nucleotide-long, open circular partially singlestranded DNA, a DNA polymerase, and a protein kinase (for reviews, see Robinson, 1977; Hirschman, 1979; Tiollais et al., 1981) .
Another protein (Magnius & Espmark, 1972; Magnius, 1975) , termed hepatitis B e antigen (HBeAg), is found in soluble form in sera of patients when virus is actively produced either during acute or chronic infection (Nordenfeldt & Kjellen, 1975; Trepo et al., 1976; Imai et al., 1976) and appears to be a part of HBcAg (Neurath & Strick, 1979; Takahashi et al., 1979 Takahashi et al., , 1980 Mackay et al., 1981) . The presence of HBeAg indicates a high level of infection (Okada et al., 1976; Shikata et al., 1977) of the serum and the persistence of HBeAg augurs progression to chronic hepatitis (Nielson et al., 1974; Trepo et al., 1976) . Takahashi et al. (1980 Takahashi et al. ( , 1983 isolated a polypeptide with an approximate mol. wt. of 15 500 carrying HBeAg determinants from both HBeAg-positive sera and cores of Dane particles.
We have reported the synthesis of both HBeAg and HBsAg in mouse L cells transfected with closed circular HBV DNA . We have now found that transfection of Buffalo rat liver (BRL) cells with circular HBV DNA results in the production of larger amounts of HBeAg. HBeAg has been isolated from these cell cultures and we describe here properties of the isolated protein, including multimeric forms and protein kinase activity.
METHODS
Transfection of cells with HBVDNA. The cloning of HBV DNA (subtype ayw) by ligation into the EcoRI site of plasmid pBR322 DNA, the propagation of the hybrid plasmid (pHBV-I) in Escherichia coli 294, and the isolation and characterization of the cloned DNA have been previously described Price et al., 1980) . Linear 3.2 kbp HBV DNA was excised from pHBV-I, purified, and circularized with phage T4 ligase by methods given previously . TK BRL cells (Robins et al., 1981) were grown in Dulbecco's modified Eagle's medium (DME), containing 10% foetal calf serum (FCS, Gibco) and 50 ~tg/ml gentamicin (Schering Diagnostics, Fort Redding, N.J., U.S.A.). Newly passaged cells, at a density of 7 x 105 per 100 mm culture dish, were co-transfected with 3 p_g circularized HBV DNA (preparation consisted 1" Present address: Department of Internal Medicine, University Clinic, University of Navarra, Pamplona, Spain. (Colbere-Garapin et al., 1979) by a modification of the method of Wigler et al. (1979) . TK + transformed cell colonies were selected and propagated in HAT medium and cellular DNA was prepared as previously described (Hirschman & Garfinkel, I982; . Radiolabelled probes were prepared by nick translation (Rigby et al., 1977) with 32p-labeUed dNTPs of linear HBV DNA that had been repurified by electrophoresis in agarose gels to a specific activity of 2 x 108 to 4 x 108 c.p.m./p.g. Twenty p.g aliquots of cellular DNA were electrophoresed in horizontal 0.8~ agarose gels in 89 mi-Tris base, 8.9 mM-boric acid, 2.5 mM-EDTA buffer (pH 8.3). Hybridization was carried out by the method of Southern (1975) and the filters were autoradiographed at -70 °C using Kodak XAR-5 film and an intensifying screen.
Immunoassaysfor viral antigens. HBsAg was detected in culture media by radioimmunoassay (RIA) (Abbott Diagnostics, North Chicago, I11., U.S.A.) using the criteria of Ling & Overby (1972) for determining positive results. Enzyme immunoassay (HBeAg-EIA, Abbott) was used to survey culture fluids for HBeAg; all positive results were corroborated by RIA (Abbott). The specificity of our immune assays for HBeAg was determined by blocking experiments with human sera, previously absorbed with HBcAg, containing antibodies to HBeAg and by finding lines of identity in agar diffusion assays between our HBeAg from culture media and standard preparations of human HBeAg from serum as previously described (Hirschman et aL, 1984) . Specific RIA for HBcAg was performed by a modification (Hirschman & Garfinkel, 1977) of the procedure of Purcell et al. (1974) . Culture fluids positive for HBeAg were always assayed for both HBcAg and HBsAg.
Western blotting. Culture fluids were concentrated 100-fold in a micro-ProDiCon dialysis concentrator (Bio-Molecular Dynamics, Beaverton, Ore., U.S.A.) with 10 mM-Tris-HC1 pH 7-5, 0-1 mM-NaCI, 1 mM-EDTA dialysis buffer. HBsAg was pelleted from serum at 100000g for 4h at 4°C and suspended in dialysis buffer. Electrophoresis was carried out by the method of Laemmli (1970) , in 15 ~ polyacrylamide/0-375 ~ bisacrylamide gels containing 0.1 ~ SDS. Wells (5 mm wide) were formed in a 3 ~ polyacrylamide, 0.15 ~ bisacrylamide, 0.1 SDS stacking gel. The resolving gel buffer was 0.375 M-Tris-HCI pH 8.8; the stacking gel buffer, 0.125 M-Tris-HC1 pH 6.8; and the electrophoresis buffer, 0.025 M-Tris, 0-192 M-glycine, pH 8-3, 0.1~ SDS. The samples (15 txg protein; microassay, Bio-Rad) were made 62.5 mM in Tris-HC1 pH6.8, 2~ SDS, 5~ glycerol, 0-5~ 2mercaptoethanol, 0.01~ bromophenol blue and boiled for 3 min. Electrophoresis was for 4h at 175 V. Electrophoretic transfer of the proteins from the gels to nitrocellulose BA-83 filters (pore size 0-2 ~tm, Schleicher & SchiiU) was performed with a Trans-Blot apparatus (Bio-Rad) at 35 V for 4 h as described by Burnette (1981) . The transfer efficiency was verified by the transfer of prestained molecular weight markers (mol. wt. range 43K to 13-3K). The membrane was incubated in 5~ bovine serum albumin (BSA), 10 mM-Tris-HC1 pH 7.5, 0.9~ NaCI (BTN buffer) at 40 °C for 1 h and left overnight in a 1:10 dilution of 125 I-labelled anti-HBs (Travenol) in BTN or a 1:10 dilution of anti-HBe-containing serum in BTN. The membranes were then washed once with 10 mM-Tris-HCI pH 7.5, 0.9~ NaC1 (TN buffer), twice with 0.05~ NP40-TN and again with TN. The nitrocellulose membrane treated with anti-HBs was dried while the membrane treated with anti-HBe was incubated with 1251labelled Protein A, specific activity 8 to 10 ~tCi/~tg (New England Nuclear), at 2-5 x 105 c.p.m./ml, in BTN for 30 min. The membrane was washed as above and dried. The dried membranes were placed on Kodak XAR-5 film using an intensifying screen for a 5 h exposure at -70 °C.
Silver staining of proteins. For silver staining, samples were run on 0-8 mm-thick gels, in 15~ polyacrylamide with 0.5~ Acryl-Aide (FMC Corp., Marine Colloids Division, Rockland, Me., U.S.A.) as cross-linker instead of bisacrylamide, with 0-I ~ SDS. The gels were polymerized on a sheet of Gel Bond-PAGE (FMC Corp.) using a 3 polyacrylamide/0.15 ~o bisacrylamide, 0.1 ~ SDS stacking gel. The electrophoresis buffers and preparation of the samples were as described for Western blotting. Electrophoresis was for 3 h at 200 V. The gels, stained by modification of the method of Oakley et al. (1980) , were treated with 50 ~ methanol and 10 ~ acetic acid overnight on a rotating platform, soaked for 30 min in 10 ~o glutaraldehyde/50~ methanol, washed extensively and soaked in water for 3 h, transferred to ammoniated silver solution for 15 min, and washed thoroughly to remove remaining silver nitrate not fixed to proteins. The developer contained 0.005~ citric acid, 0-005~ methanol and 0.019~ formaldehyde. The gels were immersed in developer for 5 min and allowed to develop on a dry surface.
Preparative electrophoresis of HBeAg. Cell culture fluids containing HBeAg were concentrated 100-fold and 50 Ixl of concentrated fluid, equivalent to a starting volume of 5 ml (178 ~tg protein), were loaded into each of 10 wells on a 3 mm-thick 15~ polyacrylamide, 0.375~ bisacrylamide, 0.19/o SDS gel using a 3~ stacking gel. Sample preparation and electrophoresis buffers were as described for Western blotting except that the samples were boiled for 7 min. Electrophoresis was at 150 ¥ for 5-5 h. The gel was cut into thin slices between the lengths of 5 and 10 cm as determined from the mol. wt. markers (between 12K and 20K). The slices were finely minced and eluted for 48 h in 10 mM-Tris-HC1 pH 7.5, at room temperature. Ten ~tl of each fraction was assayed for HBeAg-EIA.
Sucrose gradient ultracentrifugation. Preformed 10 to 40~o 5.5 ml sucrose gradients in 10 mM-Tris-HCl pH 7-5, 0.1 M-NaCI were loaded with 100~tl of 50-fold concentrated culture fluid, containing HBeAg, from which particulate HBsAg had been removed by ultracentrifugation at 100000g in a type 65 Beckman rotor for 4 h at IP: 54.70.40.11
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Properties of HBeAg 1375 4 °C. Ultracentrifugation was for 18 h at 150000g in a type SW50.1 Beckman rotor. Fractions (200 ktl) were collected from the bottom and 15 ktl samples were assayed for HBeAg by immunoassay. Sedimentation markers included fl-galactosidase (fl-G, Sw,20 15.9), catalase (C, Sw,20 11.3), E. coli alkaline phosphatase (AP, Sw, 20 6.3), and myoglobin (M, Sw, z0 2.04). fl-G, C and AP were assayed by standard methods (Worthington Manual); M was assayed by the absorbance at 405 nm. Sucrose concentration was determined from the refractive index.
Gelfiltration chromatography. The dimensions of the Sephadex G-200 column were 36 × 1-8 cm and the column buffer was 10 mM-Tris-HC1 pH 7.5, 0.1 M-NaC1, 0.01 ~ sodium azide. Mol. wt. markers used to determine the column separation range included fl-G (540K), AP (89K), BSA (68K) and ct-chymotrypsinogen (ct-CT, 25.7K). The flow rate was 2 ml/h and the elution volumes of the proteins were monitored by the absorbance at 206 nm; the void volume of the column was 23 ml, and 400 ktl 100-fold concentrated culture fluid in 5 ~ sucrose was placed on the column; 1 ml fractions were collected and 25 I~l aliquots were assayed for HBeAg.
Phosphokinase (PK) reaction. The PK reaction mixture contained 100 mM-Tris-HC1 pH 7.5, 10 mM-MgC12, 3 IxCi [y-3:p]ATP (sp. act. 3 mCi/~tmol; Amersham) and 15 ~tl of each fraction in a final volume of 40 ~tl. The reaction was incubated at 37 °C for 1 h and was stopped either by precipitation of proteins in 15~ TCA using 10 ~tg BSA as carrier or by adding electrophoresis buffer to a final concentration of 2~ SDS and 0.5~ 2mercaptoethanol and boiling for 3 min (Gerlich et al., 1982) . Electrophoresis of reaction mixtures was carried out as described for silver staining; the gels were dried and autoradiographed.
Purified 14K HBeAg peptide was exhaustively dialysed against 10 mM-Tris-HC1 pH 7.5 to remove SDS, and concentrated 10-fold. PK reactions were carried out with 15 ~tl of this preparation or with the addition of 10 Itg BSA as acceptor for phosphoryl groups. 
RESULTS

Transfection of BRL cells with closed circular HBV DNA
TK-BRL cells were co-transfected with tk DNA derived from HSV and closed circular monomeric HBV DNA by methods previously described . TK + cell colonies were selected, grown and culture fluids were assayed for HBsAg, HBcAg and HBeAg by specific RIAs. Cell colonies producing HBsAg and large quantities of HBeAg were used for the isolation and purification of HBeAg. DNA was prepared from BRL cells synthesizing both HBeAg and HBsAg as previously described and investigated for the presence of HBV-related sequences by Southern blot hybridization using purified HBV DNA, labelled with 3zp by nick translation, as probe. Hybridization was observed to both untreated high molecular weight cellular DNA and to cellular DNA cleaved with HindIII, a restriction endonuclease that does not cleave HBV DNA (Fig. 1 ). Digestion of cellular DNA with both HindIII and EeoRI, an enzyme that cleaves HBV DNA at one site, resulted in the appearance of a genome-size HBVrelated fragment at 3.2 kbp. Further digestion with BamHI, which cleaves HBV DNA at three sites, yielded the expected fragments at 1.5, 0.9, 0.5 and 0.27 kbp, with disappearance of the 3-2 kbp band, indicating that the complete HBV genome was present in these cells (Fig. 1) . Furthermore, these results may be consistent with integration of oligomeric forms of HBV DNA, as we previously suggested for the integration of our preparation of HBV DNA into DNA of mouse L cells (Hirschman et al., , 1984 .
HBeAg and HBsAg in cell culture fluids
In order to identify the molecular species corresponding to the antigenic activities found in the cell culture fluids, Western immunoblotting was used to detect both HBeAg and HBsAg (Fig. 2) . The P1 and P2 polypeptides of HBsAg were detected at positions corresponding to mol. wt. of 19 500 and 23 000, respectively, similar to those previously reported by Marion et al. (1979) . The P 1 and P2 HBsAg peptides from a chronically infected patient were found at the same positions (Fig. 2 a) . HBeAg in SDS-treated culture fluids appeared as a single band, in Western blots, with a mol. wt. of about 14.5K (Fig. 2b) ; a band at the same position was found using serum with a very high HBeAg titre from a chronically infected patient. Thus, it was evident that a protein of apparent mol. wt. 14.5K, approximating the l 5.5K protein described by Takahashi et al. (1980, t 983) , reacting with antibody to H BeAg was present in the culture fluid. It should be noted that no HBcAg could be detected by specific RIA in culture fluids containing HBeAg and HBsAg, a finding similar to that previously reported for mouse L cells producing HBeAg .
Isolation o f H B e A g
To reduce the protein concentration of the cell culture media, and thereby facilitate the isolation and purification of HBeAg, confluent cell monolayers growing in D M E medium containing 1 0~ FCS and H A T were washed and fed with protein-free medium. Samples of culture fluid were removed periodically and assayed either by RIA or EIA for HBeAg. The culture fluids were collected when the HBeAg titres attained a plateau value and were analysed IP: 54.70.40.11
On: Fri, 28 Dec 2018 00:31:01 by P A G E (Fig. 3 a) . HBeAg could not be separated from cellular proteins present in the culture fluids either by gel filtration chromatography on Sephadex G-200, Sephadex G-100, on Sepharose 6B or by ion-exchange chromatography on DEAE-cellulose. HBeAg did not bind to DNA-agarose columns. However, HBeAg localized by electrophoresing 100-fold concentrated culture fluids in 15 ~ polyacrylamide preparative gels could be isolated by removing the region of the gel containing HBeAg and eluting the protein (Fig. 3 b) . Using this methodology, preparations were obtained that yielded a single band with a mol. wt. of 14K on polyacrylamide gels stained with silver ( Fig. 3c ) and a corresponding band was identified with anti-HBe on Western blots (Fig. 3d) . The molecular size of the protein was best estimated on SDS-polyacrylamide gels stained with silver because the resulting bands were very sharp whereas Western blots gave diffuse bands. By determining the protein concentration of purified HBeAg and assuming 100 ~o recovery from the gel, a minimum concentration of 0.5 ~tg/ml HBeAg in the original culture fluid, representing 1.4~ of total proteins, was calculated.
Multimeric forms of HBeAg
SinCe HBeAg had been shown to be a part of the viral core particle and, indeed, may be a portion of self-assembling HBcAg (Takahashi et al., 1980; M ackay et al., 1981) , i t was of interest to determine whether HBeAg was present in multimeric forms. Several lines of evidence showed this to be the case. When concentrated cell culture fluids were layered onto I0 to 4 0~ sucrose gradients and centrifuged for 18 h at 150000 g, the activity of HBeAg was found to be broadly distributed in the gradient (Fig. 4a) . Pretreatment of HBeAg-containing culture fluids with SDS and ultracentrifugation in SDS-sucrose gradients resulted in a narrow distribution of antigen (Fig. 4b) . Ultracentrifugation of SDS-treated culture fluids on sucrose gradients without SDS again showed a broad distribution of antigen (Fig. 4c) . Gel filtration chromatography of concentrated cell culture fluids also showed a broad elution of antigenic activity (Fig. 4d) . A more definitive demonstration of multimeric forms of HBeAg was afforded by immunoblotting after electrophoresis of concentrated cell culture fluids on native 13 ~ polyacrylamide gels; bands of HBe-antigenic activity detected with anti-HBe were found at multiple positions in the gels, with molecular sizes corresponding to multimers of the 14K HBeAg peptide (Fig. 5a) . These data were further strengthened by electrophoresis of purified 14K HBeAg peptide that had been incubated in SDS-free buffer. Again, multiple bands were found by silver stain, corresponding to multimers of the 14K peptide (Fig. 5b) . These results indicated that native HBeAg in the cell culture fluids existed as a series of multimeric proteins. Albin & Robinson (1980) demonstrated P K activity in the core particle of HBV. In the P K reaction the 19K core polypeptide (P19) was labelled with 32p. However, 32p label was found only in a 14.7K breakdown product of P19. Thus, it was of interest to investigate whether P K activity was present in culture fluids derived from cells synthesizing HBeAg. P K activity was found in culture fluids from BRL cells synthesizing HBeAg and in the sucrose density gradient fractions containing native HBeAg (Fig. 6a) Fig. 2 except that no SDS or reducing agents were used and the sample was not boiled before loading onto the gel. Western blotting with anti-HBe was carried out as described in Methods. The autoradiogram was scanned at 525 nm on a Helena densitometer as described by Takahashi et al. (1979) . Mol. wt. markers (0) run in a parallel lane included IgG (160K), BSA (68K), c~-chymotrypsinogen (25-7K) and cytochrome c (12.3K) and were stained with silver. The molecular weights ( x 10-3) and migrations that would correspond to multimers of the 14K peptide are indicated by the arrows. Purified HBeAg 14K peptide was extensively dialysed against 10 mM-Tris-HCI pH 7.5, to remove SDS. The dialysed HBeAg was concentrated 10-fold at 4 °C, made 5~ in glycerol and 0.01 ~ in bromophenol blue, and electrophoresed on a 15 ~ polyacrylamide gel for silver staining. The stained gel was scanned as above. control TK ÷ BRL cells. Kinase activity was not found in HBeAg-positive fractions derived from SDS-sucrose density gradients. However, when SDS-treated culture fluids were centrifuged on SDS-free sucrose gradients kinase activity appeared in HBeAg-positive fractions (Fig. 6b) . Again, no kinase activity was present in corresponding fractions from sucrose gradients of control TK ÷ BRL cell culture fluids. Although, phosphokinase activity reappeared On: Fri, 28 Dec 2018 00:31:01
Phosphokinase activity of HBeAg
Properties of HBeAg 1381 upon incubation of HBeAg in SDS-free buffer, the activity was lower than the native activity prior to SDS treatment. Similarly, fractions containing HBeAg obtained from culture fluids subjected to Sephadex G-200 gel filtration chromatography showed PK activity ( Fig. 6 c) ; there was no activity in corresponding fractions of culture fluids from control TK ÷ BRL cells. Thus, it appeared that when HBeAg was present PK activity was also found. To investigate whether there was an association between HBeAg and the observed PK activity, several experimental approaches were used. It was shown that the activity present in HBeAg-containing sucrose gradient fractions was removed by immunoprecipitation with anti-HBe and S. aureus ceils (Fig. 6d ). Yet, this did not prove that the PK activity was associated with HBeAg protein since it was still possible that HBeAg was the preferred acceptor of another protein PK. However, this consideration became unlikely when it was demonstrated that PK activity was present in preparations of isolated 14K HBeAg peptide that had been allowed to incubate in SDS-free buffer (Fig. 6 e) . BSA (68K) appeared to serve as an acceptor protein of the kinase (Fig. 6e, 1) . When the kinase reaction was performed with the incubated 14K HBeAg peptide alone, 32 P-labelled bands were found at molecular size positions corresponding to both monomeric and multimeric forms (Fig. 6e, 2) . The most prominent band had an apparent mol. wt. of 84K, possibly corresponding to a hexameric form. These results raised the possibilities that either the 84K form was the active protein kinase, or was the preferred acceptor of the kinase activity, or was the most stable multimer following phosphorylation. Again, since the isolated 14K HBeAg peptide was prepared by SDS treatment, the kinase activity was lower than that found with native HBeAg. Gough & Murray (1982) observed synthesis of HBeAg in rat 2 cells transfected with a plasmid containing head to tail tetramers of HBV DNA; they suggested that HBeAg synthesis depended upon a longer than genome length (> 3.2 kb) mRNA (Gough & Murray, 1982; Gough, 1983) . We have shown here that BRL cells transfected with closed circular purified HBV DNA produced HBeAg. Interestingly, although high titres of HBeAg were present in our culture fluids no HBcAg could be detected. Gough & Murray (1982) found only very minute amounts of HBcAg in culture fluids of their cells, by employing a very sensitive RIA. We did detect small amounts of HBcAg in nuclei of mouse L cells transfected with circular HBV DNA, although no HBcAg was found in culture fluids by our RIA (Hirschman et al., , 1984 . These results are surprising since there is evidence that HBeAg is a portion of the HBcAg protein molecule (Takahashi et al., 1980; Mackay et al., 1981) . It is possible that if HBeAg is a component of HBcAg it may not readily form HBcAg in rat and mouse cells, or that HBcAg is unstable in these cells.
DISCUSSION
Repeated determinations showed that the monomeric form of HBeAg in our system has a molecular weight of 14000. The native antigen, in the cell culture fluids, appeared to be present in multimeric forms. Takahashi et al. (1980) previously showed the existence of a dimeric form of their P15.5 HBeAg protein in human serum. The proclivity of HBeAg to form multimers makes it likely that this protein is a structural building block of the viral core. The association of native HBeAg with protein kinase activity is of further interest. It would be logical for a virus with a small genome, as that found in HBV, to assign both structural and enzymic functions to a protein that can form multimers. Interestingly, incubation of native HBeAg with anti-HBe did not inhibit kinase activity, suggesting that the antigenic determinants and active site may be different.
32 P-labelled band was at 69K. The densitometric scans of this band are shown: (1) HBeAg fraction with anti-HBe serum before addition of S. aureus cells; (2) supernatant of HBeAg fraction following immunoprecipitation with anti-HBe and S. aureus cells; (3) supernatant of HBeAg fraction following incubation with normal human serum and S. aureus cells. (e) PK activity of repolymerized purified 14K HBeAg peptide. (1) Reaction with 10~tg BSA; (2) reaction without BSA. Electrophoresis in polyacrylamide gels and scanning of autoradiograms were as described. MoL wt. markers (O) were phosphorylase b (92.5K), BSA (68K), ovalbumin (43K), ~-chymotrypsinogen (25.7K) and cytochrome c (12.3K). Gerlich et al. (1982) have shown that serine is the only amino acid phosphorylated by the protein kinase enzyme associated with the HBV core. The authors speculated, however, that this may be a consequence of the absence of tyrosine in the interior facing portion of the molecule that is available for phosphorylation. The question of the amino acid specificity of the protein kinase is raised because the oncogenic products of several tumour viruses are protein kinases that phosphorylate tyrosine (Witte et al., 1980) . Since chronic HBV infection is associated with subsequent development of primary hepatocellular carcinoma (Szmuness, 1978) , it is important to define the relationship between the isolated 14K peptide and the associated kinase activity we observe. This should allow elucidation of the amino acids phosphorylated.
Although a practical cell culture system for the replication of HBV has not yet been developed, it has been possible to study many aspects of the biology of the virus by transfecting cells with cloned HBV DNA (Dubois et al., 1980; Hirschman et al., 1980; Moriarty et al., 1981 ; Gough & Murray, 1982) . HBeAg appears to play an important role in the pathogenesis of human HBV infection. The availability of a continued source of isolated HBeAg now allows the production of monoclonal antibodies to this antigen, and the sequencing of the 14K peptide; this should help clarify the relationship between HBeAg and HBcAg.
